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APOLLO 10  SEPARATION AND RECONTACT ANALYSIS SUMMARY DOCUMENT 

By F l igh t  S tud ie s  Sec t ion  

1 . 0  SUMMARY AND INTRODUCTION 

The purpose of t h i s  r epor t  i s  t o  p re sen t  a summary of  s e p a r a t i o n  
and r econ tac t  a n a l y s i s  f o r  t h e  Apollo 10 mission.  
ana lyses  w a s  t o  determine t h e  condi t ions t h a t  could produce p o t e n t i a l  
r econ tac t  problems and t o  recommend procedures t o  a l l e v i a t e  such 
cond i t ions .  A l l  s epa ra t ion  and r econ tac t  analyses  completed t o  d a t e  
and app l i cab le  t o  t h e  Apollo 10  mission are indexed and r e fe renced  
i n  table  I. 

The purpose of t h e s e  

The nominal mission analyses are summarized i n  s e c t i o n  3 of  
t h i s  r epor t .  The fol lowing nominal s epa ra t ions  were analyzed for t h e  
immediate, c lose- in ,  and eventual  r eg ions ;  and no p o t e n t i a l  r econ tac t  
problems a r e  p re sen t .  

1. Transpos i t ion  and docking (T&D) 

2 .  CSM/LM e j e c t i o n  from the  S-IVB 

3. LM undock from t h e  CSM 

4. LM s t ag ing  

5. LM j e t t i s o n  from t h e  CSM 

6. CM/SM sepa ra t ion  

Summaries of s epa ra t ion  and r econ tac t  analyses  of abor t  condi t ions  
are presented  i n  s e c t i o n  4. 
are i d e n t i f i e d  i n  t a b l e  I. 

P o t e n t i a l  or poss ib l e  r econ tac t  problems 
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2.0 SYMBOLS 

AGS 

APS 

CM 

CSM 

DAP 

DO I 

DPS 

DRPA 

LH2 

LM 

LV 

RCS 

S-IVB 

S LA 

SM 

SPS 

T &D 

TL C 

TLI 

TVC 

t f f  

abort gui  dance s e c t i o n  

ascent propuls ion system 

command module 

command/service module 

d i g i t a l  a u t o p i l o t  

descent o r b i t  i n s e r t i o n  

descent propuls ion system 

docking r i n g  and probe adapter  

l i q u i d  hydrogen 

lunar  module 

launch veh ic l e  

r eac t ion  c o n t r o l  system 

t h i r d  s t a g e  of  Saturn V launch veh ic l e  

spacecraf t  /LM adapter  

s e rv i ce  module 

se rv i ce  propuls ion system 

t r anspos i t i on  and docking 

t r ans luna r  coast  

t r ans luna r  i n j e c t i o n  

t h r u s t  vec tor  con t ro l  

time of f r e e  f a l l  t o  e n t r y  i n t e r f a c e  
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3.0 SEPARATION AND RECONTACT ANALYSIS OF NOMINAL PROCEDURES 

3 .1  Transposi t ion and Docking 

Nominal s epa ra t ion  o f  t h e  CSM from t h e  SLA/LM/S-IVB i s  planned a t  
T L I  c u t o f f  p l u s  25 minutes.  The spacec ra f t  w i l l  s epa ra t e  wi th  0 .8  f p s  
+X t r a n s l a t i o n  and then  w i l l  begin maneuvers f o r  T&D. These maneuvers 
are def ined  i n  r e fe rence  1 and ind ica t e  t h a t  t h e r e  are no r econ tac t  
problems. 

3.2 CSM/LM Ejec t ion  from t h e  S-IVB 

The CSM/LM w i l l  be e j e c t e d  from t h e  S-IVB by f o u r  sp r ing  a c t u a t o r s  
at T L I  cu to f f  p l u s  1 . 5  hours.  A t  5 seconds a f t e r  e j e c t i o n ,  t h e  CSM w i l l  
perform a 3-second -X RCS t r a n s l a t i o n .  The c lose- in  sepa ra t ion  
displacements wi th  and without  t h e  +second RCS t r a n s l a t i o n  and wi th  
48 pe rcen t ,  70 pe rcen t ,  and 90 percent s p r i n g  e f f i c i e n c y  a re  presented  
i n  r e fe rence  2. A t  30 minutes a f t e r  e j e c t i o n ,  t h e  spacec ra f t  w i l l  per-  
form a 3-second SPS evasive maneuver, p i t ched  down 75" from t h e  l o c a l  
h o r i z o n t a l .  The r e l a t i v e  motion f o r  t h e  SPS evasive maneuver and f o r  
t h e  subsequent S-IVB dump sequence i s  presented  i n  r e fe rence  3. Space- 
c r a f t  gimbal angles  f o r  viewing t h e  S-IVB at SPS i g n i t i o n  a re  presented  
i n  re ference  4. 

If t h e  S-IVB LH2 propuls ive vent  has  f a i l e d  open and cannot be 

c losed  p r i o r  t o  LM e j e c t i o n ,  a contingency RCS maneuver a t  1 t o  5 minutes 
a f t e r  e j e c t i o n  w i l l  be  r equ i r ed  t o  prevent  r econ tac t .  It  i s  recommended 
( ref .  5 )  t h a t  a ?-second +X RCS t r a n s l a t i o n  be performed p r i o r  t o  
5 minutes after e j e c t i o n ,  wi th  the CSM/LM a l i n e d  i n  t h e  SPS evas ive  
maneuver z t t i t u d e .  This maneuver would be  followed by t h e  SPS evasive 
a t  30 minutes af ter  e j e c t i o n .  

3.3 LM Undocking from t h e  CSM 

The procedures and r e l a t i v e  motion f o r  LM undocking and t h e  
lunar rendezvous are presented  i n  r e fe rence  1. The spacec ra f t  s epa ra t ion  
burn occurs  30 minutes a f t e r  LM undocking and at t h e  180" c e n t r a l  
angle  p r i o r  t o  t h e  LM D O 1  maneuver. No r econ tac t  problems are 
a s s o c i a t e d  wi th  undocking or separa t ion  maneuvers. 
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3.4 LM Stag ing  

Nominal LM s t ag ing  i s  planned f o r  10 minutes p r i o r  t o  t h e  
ascent  s tage i n s e r t i o n  maneuver. The procedures and r e l a t i v e  motion 
f o r  nominal LM s t ag ing  a r e  presented  i n  re ference  1. 

Long-term r e l a t i v e  motion of t h e  descent  s t a g e  with r e spec t  t o  t h e  
CSM ind ica t e s  t h a t  t he  descent  s t a g e  o r b i t  w i l l  phase wi th  t h a t  of t h e  
CSM approximately 1 5  r evo lu t ions  a f te r  s t ag ing .  Real t ime monitor ing 
of t h i s  problem i s  planned t o  determine i f  a CSM out-of-plane 
maneuver i s  requi red .  

3 .5  LM J e t t i s o n  from t h e  CSM 

A t  30 minutes p r i o r  t o  t h e  APS burn t o  dep le t ion ,  t h e  CSM w i l l  
j e t t i s o n  the LM. Then t h e  CSM w i l l  maneuver above t h e  LM and w i l l  per-  
form a r a d i a l l y  outward evas ive  maneuver of 2 f p s  which w i l l  p l a c e  t h e  
CSM above and behind t h e  LM at APS i g n i t i o n .  This procedure i s  
def ined  i n  re ference  1. 

The LM j e t t i s o n  and CSM evasive maneuver procedure performed 
during e a r t h  o r b i t  of t h e  Apollo 9 mission w a s  s imulated f o r  use  
during lunar  o r b i t  of t h e  Apollo 10  mission.  The r e l a t i v e  motion i s  
presented  in  f i g u r e  6 of  appendix B i n  r e fe rence  6.  

No recontact  problems were i d e n t i f i e d  wi th  e i t h e r  of t h e  above 
procedures .  

3.6 CM/SM Separa t ion  

A t  t f f  = 1 7  minutes,  t h e  CSM w i l l  ,be i n  a pitched-down p o s i t i o n  

s o  t h a t  t he  e a r t h  horizon w i l l  be a l i n e d  along t h e  hash mark on t h e  
command p i l o t ' s  window. This  mark i s  l o c a t e d  31.7O below t h e  +X-axis 
of t h e  CSM. A t  t h i s  t i m e ,  an out-the-window IMU check i s  performed. 
From a t = 17 minutes t o  a t = 1 5  minutes ,  t h e  CSM p i t c h  a t t i t u d e  

w i l l  be i n  i n e r t i a l  hold and a 45" yaw ( + X - a x i s  toward t h e  n o r t h )  
maneuver w i l l  be performed i n  p repa ra t ion  f o r  j e t t i s o n  of t h e  SM. With 
t h e  p i t c h  i n  i n e r t i a l  ho ld  and wi th  t h e  yaw maneuver added, t h e  SM 
j e t t i s o n  w i l l  be performed out of plane by f i r i n g  t h e  f o u r  SM RCS 
-X j e t s  t o  f u e l  deple t ion .  Af te r  s e p a r a t i o n ,  t he  CM i s  yawed back 
i n  plane and i s  o r i e n t e d  t o  t h e  e n t r y  a t t i t u d e  requirement.  

f f  f f  

An ana lys i s  of t h e  sepa ra t ion  d i s t ances  between t h e  CM and t h e  SM 
based on the out-of-plane sepa ra t ion  i s  presented  i n  r e fe rence  7.  
I n  t h i s  ana lys i s ,  t h e  e f f e c t  i s  eva lua ted  of a minimum SM s e p a r a t i o n  
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AV being used and of t h e  CM bank angle  be ing  achieved dur ing  e n t r y  i n  
t h e  d i r e c t i o n  of t h e  t r a j e c t o r y  of t h e  SM. 
t imes  from t h e  nominal planned t i m e  ( t ff  = 1 5  min) were a l s o  analyzed 

t o  determine what e f f e c t  t h e  time of s epa ra t ion  had on sepa ra t ion  ranges.  
The r e s u l t s  i n d i c a t e d  t h a t  there  are no r econ tac t s  between t h e  CM and 
SM f o r  a minimum sepa ra t ion  A V  and f o r  s epa ra t ions  which occur as la te  
as 5 minutes p r i o r  t o  e n t r y  i n t e r f a c e ,  r ega rd le s s  of t h e  d i r e c t i o n  i n  
which t h e  CM banks at 1.5g. 

Delayed CM/SM s e p a r a t i o n  

Cer ta in  sepa ra t ion  burn times ( =  120 s e c )  cause t h e  l o c a t i o n  
of  CM touchdown t o  be wi th in  the SM d e b r i s  impact d i spe r s ion  area, 
which could p re sen t  a r econ tac t  p o s s i b i l i t y  not  only wi th  t h e  CM bu t  
a l s o  with t h e  recovery fo rces .  However, a burn t o  dep le t ion  i s  now 
planned and w i l l  e l imina te  t h i s  p o s s i b i l i t y  of r econ tac t  wi th  t h e  SM 
d e b r i s .  The nominal SM f u e l  deple t ion  burn t i m e  c a p a b i l i t y  f o r  t h e  
Apollo 1 0  mission i s  approximately 300 seconds and e l imina te s  a l l  
r econ tac t  problems. 

An a n a l y s i s  of t h e  CM/SM separa t ion  i n  t h e  immediate r econ tac t  
reg ion  i n d i c a t e s  t h a t  f o r  nominal condi t ions  t h e  i n t e r f a c e  f o r c e s  which 
occur  during t h e  a c t u a l  separa t ion  a lone  a r e  s u f f i c i e n t  t o  preclude 
r econ tac t  ( r e f .  8 ) .  
impulse i s  most i n f l u e n t i a l ,  the  m a x i m u m  va lue  of which (290 l b / s e c )  
i s  s u f f i c i e n t  t o  i n s u r e  no recontac t .  

O f  t h e  i n t e r f a c e  f o r c e s ,  t h e  ordinance gas p re s su re  

4.0 SEPARATION AND RECONTACT ANALYSIS OF ABORT PROCEDURES 

4 . 1  CSM/SLA/LV 

4.1.1 S t a b l e  abor t s  during launch phase.- Separa t ions  of t h e  
CSM from t h e  S-IVB f o r  nontumbling, launch phase abor t s  (modes 11, 111, 
I V )  were thoroughly analyzed fo r  both c lose- in  and long range r econ tac t  
p o s s i b i l i t i e s ,  and t h e  r e s u l t s  a r e  presented  i n  r e fe rence  9 f o r  t h e  
Apollo 9 mission. I n  considerat ion of  t h e  s i m i l a r i t y  between t h e  
launch phase abor t  procedures and mass c h a r a c t e r i s t i c s ,  only sample 
cases  were analyzed f o r  Apollo 10 f o r  comparison wi th  Apollo 9 r e l a t i v e  
motion. The r e s u l t s  e s s e n t i a l l y  dup l i ca t ed  those  presented  i n  
r e fe rence  9 wi th  a l l  modes of  aborts  f r e e  from recon tac t  ( r e f .  1 0 ) .  The 
only change from t h e  abor t  procedures used f o r  t h e  Apollo 9 mission 
i s  t h a t  t h e  mode I V  SPS abor t  burn w i l l  be  performed as soon as p o s s i b l e  
(wi th in  90 s e c )  a f t e r  S-IVB shutdown ( r e f .  11). 

4.1.2 S t a b l e  abor t s  from o r b i t . -  Separa t ions  of t h e  CSM from t h e  
S-IVB while  i n  an e a r t h  parking o r b i t  can be  def ined  by two d i f f e r e n t  
procedures .  The prime procedure would involve manual c o n t r o l  cf t h e  
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boos te r  by the crew, o r i e n t a t i o n  t o  a heads-up horizon monitor ( rearward)  
a t t i t u d e ,  and sepa ra t ion  wi th  5 fps  AV. The a l t e r n a t e  procedure would 
mean separa t ion  of t h e  CSM with a 5-fps burn a t  t h e  S-IVB a t t i t u d e ;  t h i s  

30-second RCS fou r - j e t  burn i n  t h e  rearward horizon monitor ,  heads-up 
a t t i t u d e .  

burn would be followed by 30 seconds of coas t  and o r i e n t a t i o n  followed by a \ 

Detai led analyses  were conducted f o r  t h e  Apollo 9 mission and are 
presented  i n  re ference  1 2 .  Check cases  were s imulated f o r  t h e  Apollo 10  
mission wi th  t h e  r e l a t i v e  motion v i r t u a l l y  unchanged. Concurrence t h a t  
t h e  same maneuver p re sen t s  no r econ tac t  problems f o r  t h e  Apollo 10 
mission i s  published i n  re ference  1 0 ;  r e p r e s e n t a t i v e  r e l a t i v e  motion 
p l o t s  a r e  presented i n  re ference  12.  

4 .1 .3  Impending explosions.-  During t h e  t ime i n t e r v a l  from l i f t - o f f  
u n t i l  CSM/S-IVB sepa ra t ion ,  t h e  crew i s  ab le  t o  monitor d i r e c t l y  t h e  
f u e l  tank  pressures  on t h e  boos te r .  A sensory device i n  t h e  CM w i l l  
warn t h e  crew o f  an impending boos ter  explosion i f  t h e  tank  p res su res  
should exceed an acceptable  p re s su re  l i m i t .  This  device w i l l  a l low t h e  
crew a minimum of 200 seconds warning t i m e  p r i o r  t o  t h e  explosion i n  
which t i m e  t he  crew must e f f e c t  CSM/S-IVB s e p a r a t i o n  and a t t a i n  a 
sepa ra t ion  d is tance  between t h e  veh ic l e s  of 7080 f e e t .  This  d i s t ance  
r e s u l t s  i n  an impact p r o b a b i l i t y  of 1 i n  100 000 with d e b r i s  generated 
by t h e  boos te r  explosion.  To in su re  t h i s  d i s t ance  p r i o r  t o  warning 
p lus  200 seconds, t h e  sequence of events  presented  i n  r e fe rence  1 3  
i s  recommended. This  procedure involves  a 4-second SPS burn i n i t i a t e d  
at  warning plus 6 seconds. The 7080-foot d i s t ance  w i l l  be  achieved a t  
warning p lus  182 seconds. 

The second type  explosion examined involves  t h e  LM descent  
s t age .  However, t h e  problem a r e a  i s  not  s u f f i c i e n t l y  de f ined  t o  allow 
a sepa ra t ion  sequence t o  be def ined.  The necessary s t u d i e s  have not 
been performed t o  allow d e f i n i t i o n  of a warning t ime o r  s a f e  sepa ra t ion  
d i s t ance .  Therefore ,  t h e  ex ten t  of t h e  sepa ra t ion  a n a l y s i s  i s  contained 
i n  r e fe rence  1 4  which examines t h e  e f f e c t i v e n e s s  of  each a v a i l a b l e  
propuls ion  sys tem on t h e  CSM o r  LM ascent  s t a g e  as a func t ion  of system 
burn t ime. Unt i l  c e r t a i n  ground r u l e s  and c o n s t r a i n t s  are de f ined ,  no 
f u r t h e r  analyses can be conducted. 

4 . 1 . 4  CSM/SLA panels  s epa ra t ion ,  launch phase and o r b i t a l  phase 
abor t s . -  Relat ive motion of t he  four  SLA panels  with r e s p e c t  t o  t h e  
spacec ra f t  f o r  abor t s  t h a t  occur during t h e  launch phase o r  o r b i t a l  
phase i s  presented i n  re ference  1 5 .  Although t h i s  a n a l y s i s  w a s  
performed fo r  t h e  Apollo 9 miss ion ,  check cases  have confirmed t h a t  it 
i s  appl icable  t o  t h e  Apollo l o  mission.  The r e s u l t s  of t h i s  a n a l y s i s  
i n d i c a t e  t h a t  t h e r e  a re  no r econ tac t  problems f o r  amy launch o r  o r b i t a l  
phase abor t s  w i t h  t h e  except ion of t h e  f i r s t  30 seconds of  t h e  SPS 
r e t rog rade  mode I11 region.  
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4.1.5 Nonstable,  tumbling launch phase and o r b i t a l  phase abor t s . -  
The a n a l y s i s  t o  identif’y poss ib le  r econ tac t  s i t u a t i o n s  during launch 
a b o r t s  has  been d iv ided  i n t o  two s tudy areas: (1) immediate 
r econ tac t  - r econ tac t  occurs during t h e  f i r s t  30 seconds a f te r  CSM 
sepa ra t ion  from t h e  LV and t h e  j e t t i s o n e d  pane l s ,  and ( 2 )  c lose- in  
r econ tac t  - r econ tac t  occurs during c e r t a i n  launch abor t  modes which 
r e s u l t s  from a procedura l  SPS burn t h a t  occurs  approximately 2 minutes 
af ter  CSM s e p a r a t i o n  from t h e  LM and SLA pane l s .  
a v a i l a b l e  ana lyses  were shown t o  be app l i cab le  t o  Apollo 1 0  ( r e f .  1 6 ) .  

Resu l t s  from p r e s e n t l y  

The s p e c i f i c  r e s u l t s  o f  the launch abor t  immediate r econ tac t  s tudy  
a r e  as fol lows.  

a. CSM sepa ra t ion  from a nontumbling LV p re sen t s  no problem 
o f  immediate r e c o n t a c t .  

b.  CSM sepa ra t ion  from a t u m b l i n g  LV p resen t s  no problem of 
immediate r econ tac t  when t h e  RCS/SCS i s  used f o r  r a t e  damping. 

c. CSM sepa ra t ion  from a tumbling LV can r e s u l t  i n  immediate 
r econ tac t  wi th  t h e  S-IVB or with a SLA panel  when t h e  TVC/SCS i s  used 
fo r  rate damping. 

4.1.6 TLI and TLC 90-minute aborts . -  The cu r ren t  procedures f o r  
s e p a r a t i o n  from t h e  S-IVB and maneuvers t o  t h e  T L I  or TLC abor t  burn 
p o s i t i o n  and a t t i t u d e  are defined i n  r e fe rence  17. A t  1 minute after 
s e p a r a t i o n  from t h e  S-IVB, t h e  spacec ra f t  w i l l  perform an 8- t o  
10-second RCS t r a n s l a t i o n  r a d i a l l y  upward, a long t h e  p o s i t i v e  r ad ius  
vec to r .  Then t h e  spacec ra f t  w i l l  o r i e n t  t o  t h e  abor t  burn a t t i t u d e ,  
and SPS i g n i t i o n  w i l l  occur at  10 minutes f o r  a T L I  abor t  or 
approximately 90 minutes a f t e r  TLI  c u t o f f  f o r  t h e  90-minute TLC abor t .  
These procedures  have been s imulated,  and no r econ tac t  problems wi th  t h e  
S-IVB o r  t h e  SLA panels  have been i d e n t i f i e d .  

4.2 CSM/LM Ejec t ion  from t h e  S-IVB 

Analysis  of CSM/LM e j e c t i o n  f o r  immediate r econ tac t  problems w a s  
i n v e s t i g a t e d  f o r  Apollo 10 ( r e f .  18) .  Worst-case sepa ra t ion  condi t ions  
were combined wi th  s i n g l e  subsystem f a i l u r e s  t o  determine condi t ions  
where r econ tac t  would occur. CSM c o n t r o l  op t ions  ( inc lud ing  no c o n t r o l )  
and a +second -X RCS burn 5 seconds af ter  e j e c t i o n  were a l s o  considered.  
Mass p r o p e r t i e s  corresponding t o  Apollo 10 nominal condi t ions  were 
s imulated.  Lighter  and heavier  t han  nominal Apollo 10 S-IVB weights 
were considered i n  t h e  Apollo 9 ana lys i s .  
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I Immediate r econ tac t  problems a s soc ia t ed  wi th  t h e  LM/RCS and 
inadve r t en t  s tag ing  under nonnominal and a l t e r n a t e  mission condi t ions  
were inves t iga t ed  ( r e f .  2 0 ) .  The problems inc luded  were t h e  fol lowing:  
(1) a comparison of  t h e  AGS and DAP c o n t r o l  op t ions ,  ( 2 )  s t a g i n g  under 
DAF c o n t r o l  fo r  a l t e r n a t e  mission cond i t ions ,  docked and undocked 

The r e s u l t s  of t h i s  a n a l y s i s  i n d i c a t e  t h a t  r econ tac t  dur ing  LM 
e j e c t i o n  w i l l  not  occur f o r  t h e  Apollo 10 miss ion ,  wi th  o r  without  
CSM/RCS -X t h r u s t i n g  during e j e c t i o n .  Unlike Apollo 9 ,  r econ tac t  
does not  occur during e j e c t i o n  f o r  a s i n g l e  sp r ing  o r  j e t  f a i l u r e .  
For Apollo 9 ,  t h e  S-IVB w a s  h e a v i e r ,  and a s p r i n g  o r  j e t  f a i l u r e  
would r e s u l t  i n  r econ tac t .  However, f o r  a p a r t i a l  o r  no TLI burn 
on Apollo 1 0 ,  when t h e  S-IVB weight becomes nea r  equal  o r  heav ie r  t han  
t h e  Apollo 9 nominal S-IVB weight ,  t h e  same f a i l u r e s  could r e s u l t  i n  
a r econ tac t  problem. 

A s  f o r  Apollo 9 ,  an S-IVB APS f a i l u r e  t h a t  r e s u l t s  i n  t r a n s v e r s e  
rates can cause r econ tac t  problems. For an i n a c t i v e  CSM c o n t r o l  system 
during e j e c t i o n ,  r a t e s  of more than  20.6 deg/sec w i l l  cause r econ tac t  
f o r  48 percent sp r ing  e f f i c i e n c i e s .  
t r a n s v e r s e  r a t e s  of up t o  f 3 . 5  deg/sec can be t o l e r a t e d  during e j e c t i o n .  

I f  t h e  CSM/SCS i s  a c t i v e ,  

The conclusions a r e  t h a t  f o r  LM e j e c t i o n  on t h e  nominal Apollo 10 
miss ion ,  no recontac t  w i l l  occur ,  wi th  o r  without  CSM -X RCS t h r u s t i n g .  
A n  RCS j e t  f a i l u r e  during CSM -X t h r u s t i n g  w i l l  not  cause r e c o n t a c t ,  
un le s s  a p a r t i a l  o r  no TLI  burn r e s u l t s  i n  a heav ie r  S-IVB a t  e j e c t i o n .  
The only subsystem f a i l u r e  i d e n t i f i e d  which could cause r econ tac t  i s  
a f a i l u r e  of t h e  S-IVB APS t o  maintain a t t i t u d e  c o n t r o l  dur ing  e j e c t i o n .  

4.3 LM Undocking from t h e  CSM and LM J e t t i s o n  

The immediate sepa ra t ion  and r econ tac t  problems t h a t  could be 
a s soc ia t ed  with LM undocking and j e t t i s o n  from t h e  CSM have been 
analyzed ( r e f .  19). Factors  considered i n  t h e  a n a l y s i s  inc lude  t h e  
CSM and LM cont ro l  systems op t ions ,  veh ic l e  mass conf igu ra t ions ,  t h e  
worst-case combination of s epa ra t ion  p i t c h  and yaw r a t e s  , docking tunnel  
p re s su re  var iances  , and RCS j e t  f a i l u r e s .  

Based on t h e  ana lys i s  presented  i n  r e fe rence  1 9 ,  conclusions are 
t h a t  undocking o r  j e t t i s o n  of t h e  LM w i l l  not  r e s u l t  i n  immediate r econ tac t  
problems f o r  t h e  Apollo 10 mission. The undocking and j e t t i s o n  
impulses alone a r e  s u f f i c i e n t  t o  prevent  r econ tac t  f o r  tumbling condi t ions  
at  separa t ion  ( r a t e s  = 0 k10 deg/sec)  un less  a CSM/RCS j e t  fa i l s  and 
induces a net +X t r a n s l a t i o n  t o  t h e  CSM. 

4 . 4  LM Stag ing  
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conf igu ra t ions ,  ( 3 )  t h e  e f f e c t s  of RCS j e t  f a i l u r e s  and s t r u c t u r a l  
s t i f f n e s s  v a r i a t i o n ,  and (4) inadver ten t  s t a g i n g  of  a docked or 
undocked LM. Seven c o n t r o l  options of t h e  LM DAP and f i v e  c o n t r o l  op t ions  
of t h e  CES were analyzed,  and l i m i t i n g  pitch-yaw rates were def ined  f o r  
each opt ion  under which LM s tag ing  could be accomplished without  
immediate r econ tac t  ( r e f .  2 0 ) .  

The conclusions of t h e  LM s t a g i n g  a n a l y s i s  were as fo l lows .  

a. Nominal LM s t ag ing  under AGS c o n t r o l  can b e s t  be performed 
wi th  narrow deadband l i m i t s .  Immediate r econ tac t  w i l l  not  occur wi th  
e i t h e r  wide or narrow deadband f o r  rates under 6 deg/sec.  

b .  For rates g r e a t e r  than 6 deg/sec,  s t a g i n g  can b e s t  be 
accomplished wi th  a 1-second RCS +X d i r e c t  u l l a g e  maneuver without  
LM DAP or AGS con t ro l .  

c. Mass v a r i a t i o n s  t h a t  s imulate  a l t e r n a t e  mission condi t ions  
produced no s i g n i f i c a n t  e f f e c t  on nominal r econ tac t  r a t e  l i m i t s .  
S tag ing  i n  a docked o r  undocked conf igura t ion  can be accomplished 
without  r econ tac t  under LM DAP c o n t r o l .  I f  r a t e s  are g r e a t e r  t han  
6 deg/sec and i f  t h e  LM i s  undocked, t hen  i t e m  b above i s  app l i cab le .  

d. When a s t a g i n g  r e l a y  f a i l u r e  might cause t h e  LM t o  s t a g e  
i n a d v e r t e n t l y  while  i n  an undocked conf igura t ion ,  t h e  LM DAP must be 
ope ra t ing  i n  t h e  narrow deadband opt ion  t o  prevent  r econ tac t .  If 
t h e  LM i s  i n  a docked conf igura t ion ,  i nadve r t en t  s t ag ing  w i l l  no t  cause 
r econ tac t  when t h e  control. modes are t h e  CSM DAP, LM DAP, or no 
con t ro l .  

4.5 CM/SM and CM/DRPA Separa t ion  

The resul ts  are presented  i n  t h i s  s e c t i o n  of analyses  performed 
f o r  CM/SM and CM/DRPA separa t ions  after mode 11, mode 111, o r b i t a l ,  T L I ,  
and TLC abor t s .  Immediate and even tua l  r econ tac t  s i t u a t i o n s  were 
considered. No r econ tac t  problems were i d e n t i f i e d  between t h e  CM and 
SM f o r  mode 11, mode 111, o r  orbi ta l .  a b o r t s .  The p o s s i b i l i t y  e x i s t s  of 
an eventua l  SM recon tac t  with the  CM f o r  TLI and TLC abor t  cases  when 
t h e  SM weight at sepa ra t ion  i s  l e s s  t han  16 000 pounds (TLC a b o r t s  
at g . e . t . ' s  of 7 h r s  and 47 hrs  r e s u l t  i n  weights of l e s s  than  
1 6  000 l b ) ,  when t h e  j e t t i s o n  AV i s  sma l l e r  than  18 f p s ,  and when t h e  
CM banks i n  t h e  same d i r e c t i o n  as t h e  j e t t i s o n e d  SM. I f  t h e  SM weight 
and AV should be l e s s  than  t h e  above va lues ,  r econ tac t  can s t i l l  be 
avoided by banking t h e  CM ( a t  1.5g)  i n  t h e  oppos i te  d i r e c t i o n  of  t h e  
pa th  of t h e  SM. 
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The only a r e a  of r econ tac t  between t h e  CM and DRPA occurs  i n  
t h e  mode I1 abor t  reg ion  when t h e  CSM holds  i n e r t i a l l y  t h e  a t t i t u d e  it had 
a t  abor t  i n i t i a t i o n  and t h e  DRPA i s  j e t t i s o n e d  inp lane  at t h i s  a t t i t u d e .  
Recontact can be e l imina ted  f o r  t h i s  
t h e  DRPA out of  plane.  
be performed, safe sepa ra t ion  d i s t ances  between t h e  CM and DRPA can be 
achieved by o r i e n t a t i o n  o f t h e  CSM t o  t h e  CM e n t r y  a t t i t u d e  followed by 
j e t t i s o n  of t h e  DRPA a t  t h e  same t ime t h a t  t h e  SM i s  separa ted .  

s epa ra t ion  a t t i t u d e  by j e t t i s o n  of 9 
I f  out-of-plane s e p a r a t i o n  of t h e  DRPA cannot 

4.5.1 Immediate r e c o n t a c t ,  nonnominal condi t ions . -  The r e s u l t s  of 
r e fe rence  8 i n d i c a t e  t h a t  t h e  i n t e r f a c e  fo rces  produced dur ing  t h e  
a c t u a l  separa t ion  i n s u r e  no immediate r econ tac t .  
noted f o r  e i t h e r  s t a b l e  or tumbling conf igu ra t ions .  

No r e c o n t a c t s  were 

4.5.2 Mode 11.- The SM and DRPA would have t o  be j e t t i s o n e d  
p r i o r  t o  entry i n t e r f a c e  i f  a mode I1 abor t  should occur .  Planned 
procedures c a l l  f o r  SM j e t t i s o n  out  of plane i f  t > 120 seconds. f f  

The r e s u l t s  of r e fe rence  2 1  i n d i c a t e  t h a t  simultaneous out-of-plane 
sepa ra t ion  o f  t h e  SM and DRPA w i l l  preclude any r econ tac t  between t h e s e  
bodies  and the CM. For inp lane  s e p a r a t i o n s ,  no r econ tac t s  between t h e  CM 
and SM were discovered when t h e  CSM h e l d  i n e r t i a l l y  t h e  a t t i t u d e  it 
had a t  t h e  t i m e  of abor t  i n i t i a t i o n .  However, j e t t i s o n  of t h e  DRPA 
inplane  at t h i s  a t t i t u d e  caused a r econ tac t  s i t u a t i o n .  J e t t i s o n  a t  
t h i s  a t t i t u d e  r e s u l t e d  i n  t h e  DRPA f l y i n g  i n  f r o n t  of and above t h e  CM 
i n i t i a l l y .  A t  t h e  CM a l t i t u d e  of approximately 300 000 f e e t ,  t h e  DRPA 
s t a r t e d  t o  drop below and behind t h e  CM. 
e a r l y ,  mid-, and la te  mode I1 abor t s  were 143 f e e t ,  148 f e e t ,  and 
646 f ee t ,  r e spec t ive ly .  A l l  t h e s e  ranges were considered t o  be r e c o n t a c t s  
because of poss ib le  dev ia t ions  i n  t h e  DFPA aerodynamics dur ing  atmospheric 
en t ry .  

The minimum s e p a r a t i o n  ranges f o r  

Recontact between t h e  CM and DRPA or between t h e  CM and SM w a s  
no t  observed when both t h e  SM and DRPA were j e t t i s o n e d  inp lane  at  t h e  CM 
e n t r y  a t t i t u d e .  Therefore  , it w a s  recommended t h a t  i f  out-of-plane 
sepa ra t ion  could not  be performed, t h e  CSM be o r i e n t e d  t o  t h e  CM e n t r y  
a t t i t u d e  and, when t h i s  a t t i t u d e  i s  reached,  t h e  SM and DRPA be j e t t i s o n e d .  

4 .5 .3  Mode 111.- Af te r  t h e  mode I11 SPS burn ,  it i s  planned t o  
perform t h e  CM/SM sepa ra t ion  out of plane if t > 120 seconds t o  in su re  

no recontac t  between t h e  CM and SM. The s tudy presented  i n  r e fe rence  22 
w a s  performed t o  determine i f  t h e r e  would be  any r e c o n t a c t s  between t h e  
CM/SM and the CM/DRPA f o r  s epa ra t ions  inp lane  and t o  determine t h e  most 
d e s i r a b l e  time t o  j e t t i s o n  t h e  DRPA. A l l  s epa ra t ions  were assumed t o  
occur i n  the  deo rb i t  burn a t t i t u d e .  

f f  

The conclusion of  re ference  22 w a s  t h a t  , j e t t i s o n  of t h e  SM and DRPA 
out  of plane w i l l  e l imina te  r econ tac t .  The most optimum t ime t o  j e t t i s o n  a 
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t h e  DRPA i s  at t he  t ime of CM/SM s e p a r a t i o n  f o r  both inp lane  and out-of- 
plane sepa ra t ions  ; t h e r e f o r e ,  t h i s  t ime w a s  recommended. I f  out-of- 
p lane  s e p a r a t i o n  could not  be performed, t h e r e  s t i l l  would be no r econ tac t  
if sepa ra t ion  were performed i n  t h e  deo rb i t  a t t i t u d e .  

4 .5 .4  Orbital  abor t s . -  A study ( r e f .  23) w a s  performed t o  determine 
t h e  sepa ra t ion  d i s t ances  between t h e  CM/SM and t h e  CM/DRPA for an o r b i t a l  
abo r t  case f o r  which an immediate r e t u r n  t o  e a r t h  i s  r equ i r ed .  Separa t ion  
of  bo th  t h e  SM and DRPA w a s  performed a t  t h e  deo rb i t  a t t i t u d e .  The s tudy  
recommends t h a t  DRPA j e t t i s o n  be performed out-of-plane a t  t h e  t ime of 
CM/SM sepa ra t ion  because t h e r e  is no r econ tac t  problem when t h e  DRPA 
i s  j e t t i s o n e d  at t h e  t i m e  of CM/SM sepa ra t ion .  

4.5.5 T L I  and TLC aborts . -  Analyses are presented  i n  r e fe rence  7 of 
t h e  TLI and TLC abor t  cases  based on s e p a r a t i o n  a t  e n t r y  i n t e r f a c e  minus 
15  minutes (us ing  same procedures as used f o r  nominal e n t r y ) ,  based on 
a minimum SM sepa ra t ion  AV (ou t  of p l a n e ) ,  and based on CM e n t r i e s  which 
r e q u i r e  t h e  CM t o  bank toward the pa th  of t h e  SM. N o  areas of r econ tac t  
between t h e  SM and CM were found. except  f o r  TLC a b o r t s  a t  7 hours and 
47 hours  g . e . t .  
are less than  16 000 pounds. 
18 f p s  or sma l l e r  could produce a r econ tac t  between t h e  CM and SM. 
This r econ tac t  s i t u a t i o n  can be avoided by banking t h e  CM a t  1.5g 
i n  t h e  oppos i te  d i r e c t i o n  from the  out-of-plane j e t t i s o n  of t h e  SM. 

The SM weights at CM/SM sepa ra t ion  f o r  t h e s e  abor t s  
These SM weights  a s soc ia t ed  wi th  AV's of 

The r e s u l t s  of r e fe rence  24 i n d i c a t e  t h a t  t h e r e  are no r econ tac t s  
between t h e  CM and DRPA when the DRPA i s  j e t t i s o n e d  out  of p lane  a t  t h e  
t i m e  o f  CM/SM sepa ra t ion ,  even when t h e  CM banks i n  t h e  same d i r e c t i o n  
t h a t  t h e  DRPA i s  j e t t i s o n e d  and when s e p a r a t i o n  occurs  as l a t e  as 
5 minutes p r i o r  t o  e n t r y  in t e r f ace .  
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Pqmrat ion Fe f  e r ence  

TABLE I.- SUMMARY OF SEPARATION AND RECONTACT ANALYSIS 

Comments 

( a )  Nominal mis s ion  

T & D 

LM e j e c t i o n  

LM ui idocking 

LM s t a g i n g  

LM j e t t i s o n  

CM/SM SEP 

S t a b l e  a b o r t s  
Launch phase 
O r b i t a l  phase 

Impending explosions 

CSM/SLA panels  (launck 
and o r b i t a l  phase 
a b o r t s  ) 

Tumbling launch and 
o r b i t a l  phase a b o r t s  

TLI and TLC abor t s  

Lhl e j e c t i o n  

UI undocking 

LM j e t t i s o n  

Ll.1 s t a g i n g  

CM/SI..I SEP 
Immediate 
Mode I I 
!,!ode I11 
O r b i t a l  

T L I  and TLC 

No 

No 

No 

No 

No 

No 

No 
No 

No 

Yes 

Yes 

No 

Yes 

No 
rJ 0 

No 

No 
No 
No 
No 
Yes 

3.1 
3.2 
3.3 
3.4 

3.5 
3.6 

1 

3 
1 

1 

~6 
7 

( b )  Nonnominal mi s s ion  

4.1.1 
4.1.1 
4.1.3 

4.1.4 

4.1.5 

4.1.6 
4.2 

4.3 
4.3 
4.4 

4.5.1 
4.5.2 
4.5.3 
4.5.4 
4.5.5 

13 ,I4 
16 
17,18 

19 

22 

20 

25 

24 
24 
23 

12 
8 
9 
10 

7 

DPS o r b i t  phas ing  w i t h  
t h a t  of t h e  CSM i s  pos- 
s i b l e ;  CSM out-of-plane 
maneuver may be  r e q u i r e d .  

SM burn t o  d e p l e t i o n  plan-  
ned t o  e l i m i n a t e  r e c o n t a c t  
problems 

P o s s i b i l i t y  of r e c o n t a c t  
with a SLA pane l  du r ing  
e a r l y  mode 111 r e g i o n  SPS 
a b o r t s  

After  SPS a b o r t  i g n i t i o n ,  
r e c o n t a c t  i s  p o s s i b l e  w i t h  
t h e  S-IVB o r  t h e  SLA pane l s  

Tumbling LV a t  e j e c t i o n  
could r e s u l t  i n  r e c o n t a c t  

For h i g h  ra tes  (>6 deg / sec )  
or i n a d v e r t e n t  s t a g i n g ,  
procedures  are recommended 
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